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EXPANDS SUXmo TUBING STRING AND METHOD FOR CONNECTING SUCH A TUBING STRING 

This inversion relates to a connector. and in 
particular to a connector forming part of an expandable 
tubing assembly. The invention also relates to a method of 
connecting lengths of expandable tubing. 

WO93X2S800 describes expandable tubing defining 
overlapping longitudinal slots. 0 n expansion of the 
tubing, by pushing or pulling a mandrel through the tubing, 
the slots expand to form diamond -shaped apertures. The 
expansion is accommodated by deformation of the fingers of 
metal between the slots, this deformation taking pl ace 
predominantly at the slot ends, and also by circumferential 
extension of the parts of the tubing wall beyond the slot 
ends. In expandable tubing developed by the applicants 
radial expansion is achieved with the parts of the tubing 
wall between and beyond the slot ends experiencing little 
if any deformation, these parts being known as the tubing 
"nodes". 

Arrangements for connecting lengths of slotted tubing 
are disclosed in W096\37687 and W097\21901. the disclosures 
of which are incorporated herein by reference. Both of 
these documents describe arrangements in which the end of 
one length of tubing defines a male coupling portion which 
is received within a female coupling portion on the other 
length of tubing and attached thereto. 

In another coupling arrangement, the ends of the 
tubing lengths are received within an external coupling 
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sleeve. However. it has been ^ ^ ^ 
expansion, the sleeve conc.ccs radially by a si gnificanc 
extent; this creates a restriction in the bore definfid by 
the tubing. 

According to the present invention there is provided 
a method of connecting lengths of expandable tubing 
aefining overlapping longitudinal slots, the me thod 
comprising : 

providing a tubular connector defining overlapping 
longitudinal slots and comprising end portions; 

providing lengths of expandable tubing defining 
overlapping longitudinal slots and having end portions 
defining nodes between and beyond the ends of the slots; 
and 

connecting the connector end portions to nodes of 
respective end portions of the tubing lengths. 

According to another aspect of the present invention 
there is provided an expandable tubing assembly comprising: 

a tubular connector defining overlapping longitudinal 
slots and comprising end portions; 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions defining nodes 
between and beyond the ends of the slots; and 

the connector end portions being coupled to the nodes 
of the respective end portions of the tubing lengths. 

The formation of the connections between the connector 
end portions and the nodes of the tubing end portions 
provides for a relatively secure connection. Preferably, 
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the connector end portions and the nodes of the tubing -nd 
portions are threaded, and the absence of si gnificant 
deformation at the nodes facilitates maintBnancQ Qf a 
secure connection on expansion of the tubrng lengths and 
the connector. 

Preferably also, the connector further comprises an 
intermediate portion selected to * of corresoonding 
configuration to the tubing lengths, such that the 
expansion characteristics of the connected tubing assembly 
will be substantially constant over the connection. 

Preferably also, each connector end portion defines a 
slot to receive a corresponding tongue provided on the 
respective tubing length end portion. 

According to a further aspect of the present invention 
there is provided an expandable tubing assembly comprising.- 
a tubular connector defining overlapping longitudinal 
slots, the connector comprising end portions and an 
intermediate portion; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions coupled to the 
connector end portions, 

at least the connector intermediate portion being of 
corresponding configuration to the tubing lengths, such 
that the expansion characteristics of the intermediate 
portion and the tubing lengths correspond. 

This aspect of the invention provides a connector 
which expands in a compatible manner to the adjacent tubing 
and thus facilitates reliable expansion of an expandable 



WO 98/42947 

PCT/GB98/00863 

4 

tubing string. 

™„ 9 co SCU1 £urther aspect oi tta 
;~ n there u — - «— <~ COUPling 

^.ve defining overla PP i„ g longUudinai sims firs£ 
second tubing Ungcbs defini „ g ^^^^^ 

S1 CCS „ USe che sl „ ve tuUng iangths 

expandable by defection of fl »„„ of X 

ln9 * rs o£ material where 
adjacent circ„. f ere„ci, lly ^ ^ 

~ mSMS - — «- =Ueve Co the ends M 
ho tubing lengthi . che daJoraabia fingar5 ^ ^ 

being axial!, spaced £ „„ the and _ t aafomabie ^ 
the respective cubing lengths. 

I» «... on expansion o t the cubing length, M the 
a -eve. Che defection of che sl eev. fl ngets „Ui ta k e 
PLC. folding th. deformation of the end^sc fingers of 
-e first cubing length and prior to the detonation o £ the 
end TO sc «i nge „ o£ the seoond tubing )Bagch ^ ^ 

<ou„d Chat. exp „ aim thare u uttu ^ ^ 

diametrical shrinkage of che siaeve. aa d the fotce 
necessary to expend the coupied tnbing ends i, 
approximately half thee t.gnit.d to expand tubing ends 
coupled with a sleeve in which there is substantia! overlap 
between the sleeve and the tubing ends . 

The invention also relsces co a »ethod for ooupling 
the ends of £l „t and seoond lengths of expandable cubing 
defining overlapping lo„ gi cudi„«l sloes and deferable 
fingers of serial where adjacent circu.fer.nclall, spaced 
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gers of material wh~re a ^ 
cto-^UU, spa «d S1MS 0 „ erlap - 

of the tubing lengths; and 9 
forcing an expansion member throuoh ,k 

As used herein, the term s l ot , • 

::r:r 9 - 5iots " hi < h — -* - - ~ 

sue ^ ° th " " B ~" — - - - -u. 

such as U ne. „ £ oores or scallops 

^r, bly . the eonilectln9 „ eans are 

:;r ;~ — — . i. :::::: 

may be provided. 

>re f „, My also . c6a u „ ai[panded u of 

- ^ — «0 S t pre£atably . „ e 
constant dieter .long thoit length. 
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-cording to a stiu furcher 

invention there is n ™ , Present 

13 Pr ° Vlded an arrangement f or counl i 
lengths of expandable Cubing , the arrano 

— — , longitud :, I— - r 

— e t o che end8 o£ che ^ ungths ~- U. 

The sleeve may be in cho * 
««ena in9 scrips ot ' , <* ^^ly 

V. that xs p clor Co e*p,„ slon . the 

— ~. by frM9ible Unts * * 

— o £ , m or _ „ ^ 
sleeve handling. Uate 
The i„„e„ ci o„ £urth „ „ lates ^ a octhod 

°' — o t e^aMe t bl „ 

fingers o t Mt5riil „ hete 

-.Up. .Ke Mthod c ^ ri5l „ g che steps J *« 

strips of material; 

coupling ths sleeve M 
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Preferably. Cne connec 

y means are Droving 
circumferentially SDar(irl i Provided at 

7 ^ loc *^ons at th e end of r he tubin 
lengths bey ond the endmosc cubing 

of the sleeve Th . " the ends 

C ° nneCCin9 mea - -V -Prise pins 
rivets, screws and the like for ln P ' 

sinnlo , e and cubing lengths 

°r e '««»ers „ay be provided 

U«. tb. » Mxp , nded sleeve is 
diameter than <-h^ _ ^- A "ger 

sleeva ,„ d che tubi 

— a long theic len9c " Ch « '""v 

These and other aspects of eh,. 

pects of the present invention will 
now be described, by „av of « 

oy way of example, wich reference to the 
accompanying drawings. in which: 

figure x is a seccional view Qf a 
C-xng. shown in an expanded 

Figure 2 i s a sectional view of 

° f an cx Pandable tubina 
assembly in accordance with a first k 

a first embodiment of the 

present invention; 

> is . scheMcic pl „ „ ieu o£ ^ >tr4 
~u P Ua 9 u„ 9ths o£ „ u tubin5 ^ 
• ~co»d «odU», t o£ che p „ sent invMtlon . 
F. 3U r. 4 is a sec i iml vie „ o£ j( ^ 

««. s la . sche „ cic pl „ vleu of ^ 

«"■. a t „ ird .rtoat^ o£ che present invention . 

i. ««: made M Figure , p£ ^ 
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which illustrates * . ~ i_ 

a Ces a l engch of expandafale c 

-xtial con flguration , fche cubi 9 " «. 

Pipe in which a series Qf 1 . Slmply 3 Wh of 

eries of longitudinal slots n h„ u 

. „ dUlly ouc „ ard fo J t ; 2 e " e 

wall h,, rce to th « tubinq 

«i. » P. s = lng . randrel chtough the eub • 

" «** Chat the slot, „ K. 

•h.ped openings. " b * C °"« 

Th. cubing „ u supplua ^ u ^ hi 

tr.nsport, ci o„ and h „ dUng ■ 

— - — to . tubuUt c ° - 

assembly 14 illustrsr^ • he 

xiiuscraced in Figure 2 r>f i-v, j 
lenaths of drawings allows 

lengths of expandable cubing 10 to be 

•trx^. as will now be described. 

The assembly 14 comprises a tubular . 
d _ f ; • cunular connector is 

defining overlapping longitudinal slots 18 the 
1C rA s 18 ' th e connector 

16 comprising end portiong 

an ln termediate 

portion 22. The slots 18 «hp„, 

th(a tGnd ° Ver the wh °le length of 

n connector 1S . buc the only ^ ^ * 

mtermeaiate portion 22. 

The oonnaetor „ u utlllsed cp ^ 

I 9 "I ° £ «■ »■ - «. o f „hioh ,r 

-apt. to e„g ag , „ ith ch5 ^ 

described below. as 

The c„„„.« or intermediate ^ 
suh s ta„tUU, the same « x thickndS5 „ che 
~he connector end portions 28 , » „ eupset ^ 

-„ g3 , 25 , nd ,„ of a greater diameter than the tubing 
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24, 25. The inner walls of each 

» deline threada 26 „ fo ne " 0r »• 

26 29 on ch *' '" 9 * 9 "" eorreapo„ di „ g chc . ads 

«. « the outer aurlace o£ th e t „ bin9 2< ^ 

°" 26 - " "» - —i-. 2l „J 

Provided on the „ ds of the cubin9 ungths ^ ^ • - 
An noted above. the „„ slMs m overlap i„ 

6 1,,te ™ dUte »• — <"« on .xp.n.ion o £ the 

enactor 16 ,„ d ch . tu6i „ 9 u 

. y 25 the connector 16 

only subject to signif i„„,. j , 

aitmmcanc defometion in ch . 
intermediate portion 22 , r ..a ., • 

' ™* *n3«=n= the ,lot overlap 
«• The amount o £ delegation is eubatantlaUy lo „er i„ 
. reet o £ the eonn.etor 16, particularly in the -nodee- 
3 oetween the enda o £ the WtudinaUy allied aioca 16 

In use. the tubing length. 24 25 ,~ „ 

' ^ are connected by 
.tret maaing » p che ^ „ ^ _ ^ 

and then mahing up th e eeeond tubing length 25 co the oche- 
end o £ the connector 16. A number of tubing lei ^ hs a „ 

connected in this t-~ * 

n this way to lor, a tubing etring. „ hich u 

— « re rur. through the tubing 8tti „ g . „ d r 

extends the connector 16 and rh o e i.- , 

1* and the cubing lengths 24, 25 In 

doing ao. the connector s-lota „ and tubing slot5 l2 „ 
expanded to deline diamond ahaped openings. « «. 
Uluatratad in Figur e i. Aa d „„ ifc , a ^ ^ ^ 
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* «-r «*,«, M subs „„ lal de£o „ ation ■ 

overlaps 34. such , h/<r , k , 1,e sloc 

20 21 is „ ""^ ° f °" SlOC — Portions 

deformation of the metal of „», 

— - - ~— - - — in— i 

«u «p« i„ correspond, .„ d preJ1=tab 

— sne occurrence of ltreauUrltles u - 

diameter of the evnanH^ . u- X 
6 ex P an aed tubing string 

— o £ s* Ul in che arc th „ t „. u 
nvenieet .sens £dr c _ cting tubing 

P~ or «. Indnoe conpUn, _ batueen J 

: r - the — — - co the th « ad 

connection. ,„ d in such 

0 " ews < rivets, pms or the 
like may be provided to extend between a 

. u between the end portions 20, 

21 and the tubing lengths 26, 27. 

reference is now mad e to Figures 3 and 4 of chg 
swings which win i llusCrate an ^ 
connecting f irst and second 

n5Chs 52 • 54 of expandable 
-bmg utili Sing an expandable sleeve 56 cq c ^ 

ends of the tubing lengths S2. 54 by screws S3. The tubing 
-is SO. 61 and the sleeve ^ dfifine _ 

longitudinal slots 64. 65 66 p„ ' 

, • 65, 66. Expansion of the tubi 

lengths 52, 5 4 and che sleeve 56 . « 

sieeve 56 is accommodated by 
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derormation of H noprc ^ p 

cingers of material 68 69 ?n u 

°o , by, 70 where the 

y m. .». „ ^. , od £ollo „ ing ^ 

expanse there u UMa „ ^ ^ ^ 

«. an, che s „_ sa pa , s ^ ^ ^ • 

— «. T„u«. the de£oiTObu ftngers of 

-bin, u„ gths ... „ a „ , xUUy spacM ^ 

fingers of the sleeve 70. 

in use, the tubing lengths S2 ^ ^ gieeveg ^ ^ 
shaped i„ disasserabled form . The ^ iengthg ^ ^ 
are made up on surface as the tubing is fed inCQ ^ ^ 

in which the t ubing is co be utilised. In particular, the 
ends of the tubing lengths „ 54 ^ iQcated ^ 

respective ends of the sleeve 56. The screws 58 are Che n 
located and tightened in the screw bo res. A number Qf 
cub.ng lengths are made up to provide the desired length of 
tubing and the assembled tubing run into the bore on 
reaching Che desired location downhole, the tubing ig 
anchored in place, and an expansion cone then pushed or 
Pulled through the tubing. The cone expands the tubing 
length 52 . 5 4 radiall y outwards such that, as mentioned 
above. the Bloc , 64 . 6S , 6fi become diamond . shaped ^ ^ 

expansion being accommodated by deformation of the fingers 
«. «»■ 70. Th e sleeve SS deforms in a similar manner to 
Che cubing. l engchs 52 . 5 4 . ' On moving through tPe 
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arrangement 50. the <=*r,=r,.,- 

the expansion cone deforms. in turn ... 
sndmost fingers 68 of th. i=- 

Che flrSt tub ing length 52 the 

endmosc fingers 69 of ,„ ' ^ flDaUy the 

9 " ° f the sec °"<* tubing length 54 

to eCrr u has been f ° und th - - ---™ d 

expand the connectino ar« n » 

ng arr angement 50 are the «™. 

retain its expanded form ^ 

■ and s «ffers little or no 
diametrical shrinkage after th. 

ge after the expansion cone has passed 
cnrough the sleeve 56. Thu s th. 

the diff • i inVention avoids 

t- dif flC ulties experienced with previously 

sleeve connectors. Further th. Proposed 
is . thB con "ection arrangement 50 

less expensive to pro duce than the maleXfemale 
connectors as described in ^„ s „ and ,OS 7 , 21901 
reference is now made . tQ ^ $ ^ ^ 

which illustrates an 

an alternative arrangement 110 f or 
connecting f irst and secon(J 

hllK . 9 112 ' 114 of expandable 

tubing utilising an expandable sleeve l 16 se . , 

eve 116 secured to the 

»■ -ever. unlit . ehe £itst des „ lbed embodiman 

i :::: is e °™ d ° f '~ 1Mlly 

|» and che sl ee„e ll6 is ma ^ M by ^ 
'" 3 " S >» — . the s locs 12f l25 
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strips 126 p nl1/ , 

... . OU ° Wln9 def °— - the slots U4 

def ine diamond-shaped apertures n, • ' 
lltM Pertures. During expansion there is 

^ n ° d ° f °~ «* nodes 13a . 133 beCween fc 

' and the screws no 

pass through bores in fh . 

ores m the endmost nodes 122 iv» « . 

tubing lengths U2 ,u , , ° f the 

126 . 

It win further be apparent to those of skm ■ „ 
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CLAIMS 



1 ■ An expandable tubing asse.bl y comprising . 

a — « fining overi.pping lo „, itudin>1 

•lots and comprising slotted end portions; ,„ d 

lengths o£ exp „ dabls cubing definin9 _ 
Longitudinal slots « hart „ g ^ 
nodea be.ond the end, o £ the alots , che 

P ° rtiOTS bei " 9 " UP1 " » — ^ respective end 

portions of the tubing lengths. 

»• The assembly o t claim wherei „ the 

PO,tio„ s end the nodes « che tubi „ 9 „ 
threaded . 

3- The assembly of cUim t „ ^ whecein 

connector further comprises .„ intermediate portion bet _ 
the end portions. 

« ■ The assembly of =Ui, , . „ herei „ ^ ^ 
t- -die length o £ the connector. sice overlap occurring 
only in che intermediate portion. 

S- The assembly „ £ cUin , or , „ herein ^ ^.^^ 
portion ia o£ corresponding configuration o f the tubing 
Ungtha. such that the expansion characteristics o £ the 
connected tubing assembly m substantial^ constant over 
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6 - The ass ^ly of claim 5, wherein ^ 

' Wft erem the connector 
intermediate portion is nf u sector 

' SUb — ially the same wall 
thickness of the r,m^ „ 

Cln9 Wh6rein connector end 

portions are upsec . 

7 - The assembly of claim 6 wherein M ^ 

wnerein each connector end 
portxon defines an internal -v. . 

internal thread for engagi 

corresponding thread on an outer surface of th. 

- ^e assembly of any of the preC edin g claims .herein 
-e connector end portions define grooves to receive 
corresponding tongues provided on ^ 
portions. 

.. » ««hC ot co„, e « ing l<ln9ths o£ 5Kpanaabie 

ae £lning ovsrlappi „ 9 longitudinsl si<>ts ^ 

comprising; 

prov iding , tubular „ mector ^ 

P- lding lengths o£ expandibi= ^ 

-,u PPi „ 9 longUudinal , lots and havin9 ^ 

"" MCtinS — «" - Prions » C „e TOdes of 
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10. An expandable cubing assembly comprising.- 

a tubular connector defining overlaonino i • 

snapping longitudinal 
slots. the connector Uprising end portions and an 
intermediate portion; and 

u„ geh , o£ expandable tubing defining ^ 

»««. belng of cot „ spondi „ g co „ figu „ cion ^ ^ 
l^th,. such chac the eltpansion characterUtics ^ 
po « Io „ a „ d the cubing iengtha cotrespond 

«■ - «„„ gemeM £or coupling u „ gths ^ nMgbu 

the ,„» ge „ ant =0 „ priai „ g a siMve ^ 
ov»Upp ing 3locs ficst second tubtng 

l»9ths ae £illirlg ovrlapp^ loogUudi „ al ^ ^ ^ 

.U« ana ^ ing lengchs ^ taduuy 

deformation of finqers of , 

angers of material where adjacent 

circumferential^ spaced slots overlap, and connecting 

— . for connecting the sleeve to the ends of the tubing 

lengths, the deformable fingers of the sleeve being axiall y 

spaced from the end most deformable f ingers of the 

respective tubing lengths. 

12. The arrangement of claim X1 . wherein the connecting 
-ans are provided at circumf erentially spaced locations at 
the end of the tubing lengchs beyond the end most tubing 

fingers, and at the enrfc fi- 
ends of the sleeves beyond th- 

respective end most cubing fingers. 
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13- The arrangement of claim n or 12 w . . 

or 12, wherein the 

unexpanded sleeve is of laro^r h- 

larger diameter than the tubina 

lengths. 



diameter along their length. 

15- A method for coupling the ends of fi rsc and second 
lengths of expandable tubing defining overlapping 
longitudinal slots and deformable fingers of material where 
accent circumferentially spaced slots overlap, the method 
comprising the steps of: 

providing a sleeve defining overlapping longitudinal 
slots and deformable fingers of material where adjacent 
circumferentially spaced slots overlap, 

coupling the sleeve to the ends of f irst and second 
lengths of expandable tubing such that tne fingers of the 
sleeve are longitudinally spaced from the end most fingers 
of the tubing lengths; and 

forcing an expansion member through the connected 
cubing lengths to expand the sleeve and the tubing lengths. 

16- An arrangement for coupling lengths of expandable 
tubing, the arrangement comprising a longitudinally slotted 
sleeve. f irs t and second tubing lengths defining 
overlapping longitudinal slots, in use the tubing lengths 
being radially expandable by deformation of f ingers of 
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material where adjacent ~ ially spaced slots 

overlap, and connec ting means for connecting chfi ^ 
the ends of the cubing lengths. 

». The .r™,^ of claim 16< wherein ^ 
formed of longitudinally extending s trips of metal 

18. The arrangement of claim n „u 

or claim 17, wherein the strips are 

rectilinear. 

»■ TKe ,„>„,.„.»< of cU1 . 17 „ u ^ 

are i» itially ci,:c,„ £ . t ,„ cl , Uy com ^ hy ^ 
links, 

». A .echod for ccupH„ 9 the „ da o£ fi „ t ^ 
lengths o£ expandable cuM„ g de£inlng ov „ lapping 
lo^itudina! 5lots , nd deforlrabl<! fingers of Mwtui ^ 
ad 3 ace„t ci OTflttoll , spa „ d slota ^^^^ ^ 
comprising the seeps of: 

Providing a sleeve comprising longitudinally extending 
strips of material; 

coupling the sleeve to the ends of f irst and secon<J 
lengths of expandable tubing; and 

forcing an expansion member through the connected 
tubing lengths to expand the sleeve and tubing lengths. 
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